INTRODUCTION
============

Thyroid nodules are common and are mostly benign, the risk of malignancy is approximately 6.2% \[[@B1][@B2][@B3]\]. Ultrasound-guided fine needle aspiration (US-FNA) in thyroid nodules is a simple and useful access for the initial diagnosis of thyroid nodules and it is presently the most commonly used to identify whether these nodules are benign or malignant. Thereby, it can reduce unnecessary surgery \[[@B4][@B5][@B6]\]. However, 15% to 30% of FNAs are indeterminate \[[@B1][@B2]\]. According to the Bethesda system to help stratify risk for malignancy among FNA, these results of FNA are classified as atypia or follicular lesion of undetermined significance (AUS/FLUS) \[[@B7]\]. The category AUS/FLUS cannot be classified as benign or malignant because they present follicular cells with atypical nuclei or architecture, which is insufficient for characterization as malignant. Some recent studies reported that the risk of malignancy for the category AUS/FLUS is 5% to 19% \[[@B8][@B9][@B10]\]. So patients with AUS/FLUS require surgery (usually hemithyroidectomy) for definitive diagnosis. If malignancy is identified on the final pathology, a second operation (completion thyroidectomy) is usually required \[[@B1][@B2][@B3]\]. Hence, several clinical factor should be considered to assess the risk of malignancy in patients with AUS/FLUS. However, there are no clinical factors that are shown to be specific \[[@B11][@B12][@B13]\]. Therefore, the purpose of the present study was to determine which clinical factor increased the risk of malignancy in patients with AUS/FLUS.

METHODS
=======

We retrospectively reviewed the medical records of patients who underwent FNA of thyroid nodules at Inha University Hospital from January 2011 through April 2015. A total of 129 patients who had their FNA interpreted as AUS/FLUS were included in this study. Patients were divided into 2 groups based on presence or absence of malignant findings on pathologic results confirmed by surgery or repeat FNA. Patients were excluded from the study if their cytologic findings presented AUS/FLUS or \'suspicious for malignancy\' on repeat FNA. All patients underwent thyroid function test and ultrasonography for the initial work-up. AUS result is given when cytologic findings cannot be characterized as benign due to the presence of follicular cells with atypical nuclear or architecture, which is not sufficient for categorization as malignant \[[@B8][@B9][@B10]\].

The following parameters were analyzed: sex, age, size of nodule, ultrasonography criteria for malignancy, nuclear atypical descriptors, the presence of two or more of atypical descriptors, and final pathologic results. The following ultrasonography criteria for malignancy were analyzed: taller-thanwide shape, hypoechogenecity, spiculated margin, and calcification. Descriptors of atypical nuclei included any of following cytologic findings: nuclear clearing, nuclear grooving, nuclear inclusion, nuclei enlarged, irregular nuclear membrane, oval nuclei, pinpoint nuclei, peripheral nuclei.

We compared the previously mentioned variables between benign and malignant groups. The relationship between categorical variables (i.e., each atypical descriptor, ultrasonography criteria for malignancy, sex, the presence of two or more atypical descriptors) and final pathologic results were analyzed as appropriate by the chi-square test or Fisher exact test. The relationship between continuous variables (i.e., age, size of nodule) and final pathologic results were analyzed by t-test. Multivariate logistic regression with a backward stepwise variable selection procedure was performed to identify variables associated with an increased risk of malignancy. Variables associated with malignancy with a P-value of less than 0.10 in the univariate analysis were entered into the multivariate model, and nonsignificant variables were removed by means of a backward-selection procedure. P-value \< 0.05 was considered to indicate statistical significance and 95% confidence intervals (CIs; for adjusted odds ratios \[ORs\]) were calculated to assess the precision of the obtained estimates. All analyses were performed by IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA).

RESULTS
=======

This retrospective study group consisted of 21 males and 108 females. The mean age of the benign group and malignant group was 52.54 ± 11.84 and 49.32 ± 11.66 years, respectively. Of these 129 patients, 98 (76.5%) had benign cytologies and 31 had malignant cytologies. Final pathology was confirmed by surgery and repeat FNA. The 31 malignant diagnoses included 30 papillary carcinomas, 1 follicular carcinoma. The 98 benign diagnoses included 90 nodular hyperplasia, 4 follicular adenoma, 3 lymphocytic thyroiditis, and 1 Hurthle cell adenoma.

There was no significant difference in sex, age, size of nodule, nuclear clearing and inclusion, and the rest of the ultrasonography criteria for malignancy except speculated margin between the benign and malignant. The presence of spiculated margin (P = 0.001), nuclear grooving (P = 0.01), enlarged nuclei (P = 0.049), irregular nuclei (P = 0.017), and the presence of two or more of atypical descriptors (P = 0.001) were shown to be significantly related to malignancy compared to benign ([Table 1](#T1){ref-type="table"}). Because oval nuclei and peripheral nuclei were shown in just one patient, we did not show these results in the Table. Variables associated with malignancy with a P-value of less than 0.10 in the univariate analysis were as follows: spiculated margin (OR, 4.167; 95% CI, 1.745--9.950; P = 0.001), enlarged nuclei (OR, 2.884; 95% CI, 0.974--8.542; P = 0.056), nuclear grooving (OR, 3.020; 95% CI, 1.283--7.109; P = 0.011), irregular nuclei (OR, 2.817; 95% CI, 1.185--6.697; P = 0.019), and the presence of two or more of atypical descriptors (OR, 4.167; 95% CI, 1.745--9.920; P = 0.001) ([Table 2](#T2){ref-type="table"}). The previously mentioned variables were entered into the multivariate logistic model, and nonsignificant variables were removed by means of a backward-selection procedure. We identified the presence of spiculated margin (OR, 5.655; 95% CI, 2.114--15.131; P = 0.001), nuclear grooving (OR, 3.697; 95% CI, 1.409--9.701; P = 0.008), irregular nuclei (OR, 3.903; 95% CI, 1.442--10.560; P = 0.001) were shown to be significantly related to malignancy on multivariate logistic regression ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

The risk for malignancy in AUS/FLUS, which may potentially represent disseminated, nonfollicular disease, is approximately 5%--15% \[[@B8][@B9][@B10]\]. A more correct initial judgment of the risk of malignancy is very important. Thus, we conducted the retrospective study to determine which clinical factor increased the risk of malignancy in patients with AUS/FLUS. Numerous studies have suggested that the age, sex, and thyroid nodule size of patient was a significant predictor of malignancy \[[@B5][@B12][@B13][@B14][@B15][@B16][@B17][@B18][@B19]\]. We analyzed these factors to find significant difference between benign and malignant thyroid nodules. In our study, age was not associated with an increased risk of malignancy. This finding corresponds with the earlier studies \[[@B11][@B12][@B15][@B17]\]. Contrary to our results, there are studies that report statistical difference in age between benign and malignant thyroid nodules \[[@B13][@B16][@B18][@B19]\]. Some reports have suggested that male gender was associated with malignancy \[[@B12][@B13]\]. But other studies have found no significant difference in the rate of malignancy between the sexes \[[@B11][@B14][@B15][@B16]\]. We also found no significant difference in the rate of malignancy between males and females. According to a certain study, tumor size was associated with an increases risk of malignancy \[[@B17]\]. In some studies, when nodule size was greater than 3 to 4 cm, this factor showed to be a predictor of malignancy \[[@B12][@B13][@B14][@B15][@B16]\]. In contrast to these studies, we found no significant difference in nodule size between benign and malignant. This result corresponds with the current study \[[@B20]\]. The reason for this result is postulated that thyroid nodules, of which mean size was smaller than 2 cm in both groups, were detected early with the recently frequent use of ultrasonography due to the rapid increase of the incidence of thyroid cancer in Korea \[[@B21]\].

Recent studies reported that the correlation of cytology and ultrasonographic findings could be helpful to manage thyroid nodules with AUS/FLUS \[[@B21][@B22]\]. Most previous studies have reported that ultrasonographic findings of malignancy such as hypoechogenicity, taller-than-wide shape, clacification, and spiculated margin are associated with malignancy \[[@B5][@B21][@B23]\]. We analyzed these findings to determine which were statistically significant in the risk of malignancy. Contrary to previous reports, spiculated margin alone was shown to be significantly related to malignancy on univariate analysis and multivariate logistic regression. The reason for this result is presumed that ultrasonography was performed by surgeon, endocrinologist and radiologist in our study. There might be an individual variation in the reading of ultrasonography, depending on the skill, experience, and preferences of clinicians. Also, our retrospective analysis was made up of all patients with AUS/FLUS, who were not randomly subjected, and this study had a small data set. Therefore, when cytologic findings associated with malignancy are considered, sonographic finding of spiculated margin may be a valuable clinical factor to determine whether or not to operate. Numerous studies reported that atypical nuclei or cytology on FNA are associated with increased the risk of malignancy \[[@B13][@B21][@B24]\]. However, uniform criteria for the definition of AUS/FLUS at cytology has yet to be used in the literature \[[@B20]\]. And patients\' medical records in this study, which were retrospectively reviewed, briefly described descriptors of atypical cytology or architecture without providing details. In previous studies, specific, nuclear change or atypical lesion has both been recognized as an important prognostic factor for malignancy \[[@B13][@B25][@B26]\]. Therefore, we noted and analyzed only nuclear atypical descriptors to identify the independent effect of risk factors. Spiculated margin (OR, 4.167; 95% CI, 1.745--9.950; P = 0.001), enlarged nuclei (OR, 2.884; 95% CI, 0.974--8.542; P = 0.056), nuclear grooving (OR, 3.020; 95% CI, 1.283--7.109; P = 0.011), irregular nuclei (OR, 2.817; 95% CI, 1.185--6.697; P = 0.019), and the presence of two or more of atypical descriptors (OR, 4.167; 95% CI, 1.745--9.920; P = 0.001) were shown to be significantly related to malignancy on univariate analysis. Results of multivariate logistic regression showed that the presence of spiculated margin (OR, 5.655; 95% CI, 2.114--15.131; P = 0.001), nuclear grooving (OR, 3.697; 95% CI, 1.409--9.701; P = 0.008), and irregular nuclei (OR, 3.903; 95% CI, 1.442--10.560; P = 0.001) increased the risk of malignancy. After adjusting the association between variables, the presence of two or more of atypical descriptors was removed by means of a backward-selection procedure. This result is probably because variables shown to be significantly related to malignancy may be included in groups with the presence of two or more of atypical descriptors. Thus, this variable appeared to be considered statistically significant on the univariate analysis. There are few reports regarding the correlation between irregular nuclei and malignancy. However, according to our result, this descriptor could be considered as an important prognostic factor for malignancy. The presence of nuclear grooving has been not known as a specific feature of thyroid cancer. It might also present in benign thyroid nodules such as Hashimoto\'s thyroiditis, follicular adenoma, and Hurthle cell neoplasms. However, our finding is in contrast to the results of previous studies \[[@B27][@B28]\]. Several studies also have reported that nuclear grooving shows to be a helpful cytologic feature in the diagnosis of papillary carcinoma of the thyroid \[[@B13][@B25][@B26]\]. Although the presence of a nuclear groove is nonspecific, it may be the only finding for follicular variant of papillary carcinoma \[[@B28]\]. The reason for this result is presumed that, of the 31 patients with malignant in this study, 30 had papillary carcinoma (96.5%). Several studies suggested that the presence of nuclear inclusion increased the risk of malignancy \[[@B29]\]. However, in our study, nuclear inclusion was not found to be associated with an increased risk of malignancy. This result corresponds with the several earlier studies \[[@B30]\]. The reason for this result is conceivable in that the aspirated specimens might not include amount of cells, which is enough to show various changes or atypical features of the nucleus. It is inferred that another reason is small sample size.

This study has considerable limitations. This was a retrospective study at single institution and had a small sample size. Patients with AUS/FLUS were solely included in this study. They were not random subjects. These limitations might create a sampling bias and we were not able to find statistical significance of variables, which have shown significance in previous studies.

And, in categorization based on repeated FNA results, there is a point which is yet to be clarified. There is a potential for development of malignancy in patients with AUS/FLUS on first FNA, despite being categorized as benign group because repeated FNA demonstrated benign findings. The following limitation is a pathologic bias. Because the same pathologist did not review all cases, there might be individual variations in the description of nuclear features. The final limitation is that we noted only nuclear atypical descriptors because patients\' medical records briefly described descriptors of atypical cytology or architecture without providing details. Although there have been some studies suggesting that atypical cytology on FNA is associated with high malignancy rate \[[@B24]\], it was difficult to categorize these descriptors nor we could analyze these factors. Therefore, larger prospective studies are necessary to confirm clinical factors known to show significance, and further certify other important prognostic factors. And consensual ultrasonographic criteria for malignancy should be established. Finally, if uniform cytologic atypical descriptors for definition of AUS/FLUS are used, these may help further guide management of patients with AUS/FLUS.

In summary, the presence of spiculated margin, nuclear grooving, and irregular nuclei were shown to be significantly related to malignancy. Therefore, we recommend that surgical resection of thyroid nodules may be considered in patients with AUS/FLUS showing the histologic findings such as nuclear grooving and irregular nuclei along with spiculated margin in ultrasonographic findings.
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###### Demographics and risk factors of malignancy in patients with AUS/FLUS
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Values are presented as number (%) or mean ± standard deviation.

AUS/FLUS, atypical or follicular lesions of undetermined significance; US, ultrasonography.

###### Univariate analysis of characteristics predicting the malignancy
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CI, confidence interval; US, ultrasonography.

###### Multivariate analysis of characteristics predicting the malignancy
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CI, confidence interval; US, ultrasonography.
